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Fig. 1 Experimental vehicle 
          なか の ひろ し 
氏 名          中 野 裕 士 
授 与 学 位          博士（工学） 
学位授与年月日          平成２７年３月２５日 
学位授与の根拠法規 学位規則第4条第1項 
研究科，専攻の名称 東北大学大学院工学研究科（博士課程）バイオロボティクス専攻 
学 位 論 文 題 目          Motion Control of a Vehicle with a Large Sideslip Angle 
指 導 教 員 東北大学教授 小菅 一弘 
論 文 審 査 委 員          主査 東北大学教授 小菅 一弘 東北大学教授  吉田 和哉 
             東北大学教授 橋本 浩一 東北大学准教授 平田 泰久 
                               
論 文 内 容 要 旨          
This dissertation presents the motion-control algorithms of an electric vehicle with a large sideslip angle 
using driving forces of independently driven wheels and steer angle of front wheels. 
Many types of vehicle motion-control systems have been proposed and developed for the purpose of 
improving stability of a vehicle and passenger safety. The common goal of control strategies of these system 
is to prevent loss-of-traction between tire and road surface. However, slippage between the tire and road is 
commonly observed in automotive races, and skilled drivers utilize this phenomenon as a technique to drive 
at high speeds. During the typical driving of an automobile, there are some limitation in its available 
movements, since its non-holonomic constraint. Therefore, maneuverability of a vehicle could be improved 
by utilizing a large sideslip angle of a vehicle. When the sideslip angle is large, nonlinearity of tire-road 
friction property could not be negligible, and friction force between tire and road will be saturated. This 
phenomenon makes the design of the control system difficult. Using nonlinear tire model is a way to solve 
this problem, however this model depends on environment-related properties, such as road condition, 
temperature, and air pressure. Therefore, this dissertation aimed 
to propose the motion-control algorithm, which does not require the 
nonlinear tire model, for an electric vehicle with a large sideslip 
angle. 
For use in the validation of effectiveness of proposed 
motion-control algorithms, the small experimental vehicle system 
as a four-wheel independently driven electric vehicle, as shown in 
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Fig. 1, is developed, and the simulation system is designed based on the single passenger vehicle using 
Dymola, which is a physical simulation tool. 
This dissertation designed the two types of motion-control algorithms for a vehicle with a large sideslip 
angle, utilizing the advantage of an electric vehicle in maneuverability, based on a planar vehicle dynamics.  
First type of motion-control algorithm is designed based on the separated two controllers, which are the 
controller for longitudinal velocity and yaw rate, and the controller for vehicle sideslip angle. The controllers 
are designed with separated design based on the sensitivity of control inputs, driving forces of independently 
driven wheels and steer angle of front wheels, to the vehicle's motions on the horizontal plane. First 
controller for control longitudinal velocity and yaw rate is designed using driving forces of four wheels as 
control inputs. Second controller for control vehicle sideslip angle is designed using steer angle of front 
wheels as control input. This dissertation designed these two controllers using the concept of linearization by 
nonlinear feedback, a disturbance observer, the computed torque control, and the pseudo-inverse method. 
This dissertation applied the proposed control algorithm to simulation system and developed experimental 
vehicle system, and the simulation and experimental results, as shown in Fig.2, illustrated the validity of 
the proposed control algorithm. In addition, this dissertation extended this control algorithm for use in 
rear-wheel independently driven electric vehicle with a large sideslip angle. This dissertation applied the 
extended algorithm to the simulation system, and the results illustrated the validity of the proposed control 
algorithm. This dissertation exhibited a possibility of applying the proposed system to a motion-control 
system of steer-by-wire vehicle. 
Second type of motion-control algorithm is designed for control a vehicle's moving velocity, vehicle sideslip 
angle, and yaw rate, based on the unified design of control of planar vehicle dynamics. The unified controller 
design is an algorithm which controls the vehicle's motion using the unified control inputs, that is, the 
unifying the different types of inputs, i.e. driving forces of independently driven wheels, and steer angle of 
Fig. 2  Variation of vehicle states during experiments using the vehicle-motion-control system with 
four independently driven wheels designed based on the separated controller design. 
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front wheels. As is the case with separated type of controller, this dissertation designed this algorithm using 
the concept of linearization by nonlinear feedback, a disturbance observer, the computed torque control, and 
the pseudo-inverse method, using driving forces of four wheels and steer angle of front wheels as control 
input. This dissertation applied the proposed control algorithm to simulation system and developed 
experimental vehicle system, and the simulation and experimental results, as shown in Fig.3, illustrated the 
validity of the proposed control algorithm. This dissertation found that this unified type of controller has 
capability to control larger sideslip angle than separated one. In addition, this dissertation extended this 
control algorithm for use in rear-wheel independently driven electric vehicle with a large sideslip angle. This 
dissertation applied the extended algorithm to the simulation system, and the results illustrated the validity 
of the proposed control algorithm. 
Furthermore, this dissertation proposed a control algorithm of a trajectory-tracking for a four-wheel 
independently driven electric vehicle with a large 
sideslip angle. This dissertation designed the 
trajectory-tracking control algorithm utilizing the 
unified type of motion-controller for independently 
driven electric vehicle with a large sideslip angle. This 
dissertation applied the proposed control algorithm to 
developed experimental vehicle system, and the 
experimental results, as shown in Fig. 4, illustrate the 
validity of the proposed control algorithm. This 
dissertation found that remaining within physical 
bounds is required for trajectory-tracking control.  
Fig. 3  Variation of vehicle states during experiments using the vehicle-motion-control system with 
four independently driven wheels designed based on the unified controller design. 
Fig. 4 Pass of the vehicle during a 
trajectory-tracking experiment 
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